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INTRODUCTION
Though inflammatory bowel diseases (IBD), ulcerative colitis (UC) and Crohn's disease (CD) are primarily colonic and small intestinal diseases, they are considered as systemic diseases because they result in disorders in other organs and tissues. Skin, mucosa, joints, bone, eye, kidney, liver, pancreas, and lungs are the principal tissues and organs that are known to be affected by IBD.
Several respiratory diseases, such as small and large airway disorders (1, 2) , obstructive and interstitial lung diseases (3) , increase in bronchial sensitivity (4), bronchitis, bronchiectasis (5) (6) (7) (8) , inflammatory tracheal stenosis (9) , interstitial pneumonitis (10) , and bronchiolitis obliterans (11) (12) (13) have been reported in patients with IBD. However, information about the types and incidence of respiratory disorders associated with IBD are insufficient.
There are various studies that have revealed the relationship between respiratory disorders and IBD activity (14, 15) . Furthermore, side effects of the drugs used in the treatment of IBD may also contribute to the occurrence of respiratory findings. Aminosalicylate (ASA) agents (16, 17) are the primary drugs used in the treatment of acute attacks in IBD and in maintenance treatment in the remission period (18) (19) (20) (21) (22) (23) (24) . It has been reported that hypersensitivity pneumonitis may develop rarely during sulfasalazine or mesalazine treatment (25) (26) (27) (28) (29) .
In most of the studies that investigated the impacts of IBD on the respiratory system, pulmonary function tests (PFTs) were used. Although in some studies, no difference regarding PFT values was found between the IBD group and control group (30, 31) , it was found that in some patients, especially in the patients with active IBD, diffusing capacity of the lung for carbon monoxide (DLCO) decreased (1, 15, 32) .
In this study, we aimed to investigate the changes in PFTs in IBD patients without any respiratory system disease history, symptoms or pathological lung X-ray findings and to determine the relationship between such changes and the type and activity of the diseases and ASA treatment.
MATERIALS AND METHODS

Patients
Thirty patients with UC and 10 patients with CD (totally 40 patients with IBD) under the investigation of Inonu University Medical Faculty Gastroenterology Clinic and 30 healthy controls were recruited in this study. The patients were 18-68 years old, with a mean age of 40±12 years. The individuals in the control group were 18-63 years old, with a mean age of 41±11 years. All patients were diagnosed on the basis of their history, clinical -endoscopic findings and pathological reports of their endoscopic biopsy samples. The duration of the disease was defined as the period between the date of pathological diagnosis and the date of PFT. The duration range was from 1 month to 362 months, and the mean duration was 90±85 months. Age and gender distributions in the UC group, CD group and control group were similar. Durations of disease in UC and CD patients were comparable ( Table 1 ). The patients included in the study within the activation period of their disease were assessed again 3 months after the clinical remission, thus aiming to minimize the impact of the factors that may affect the PFT in the activation period. Twenty of 30 UC patients (66.6%), 7 of 10 CD patients (70%) and in total 27 of 40 IBD patients (67.5%) received ASA within the activation period. In the remission period, 18 of 30 UC patients (60%) and 5 of 10 CD patients (50%) and in total 23 of 40 IBD patients (57.5%) were using 2-4 mg/day ASA for at least 5 days. The patients who received 5-ASA for longer than five days were defined as ASA user and the remaining were considered as the non-ASA user group. The patients had to be receiving ASA within the 7 days before the date of the PFT in order to be included in the ASA user group. None of the patients received methotrexate, azathioprine, corticosteroids, or infliximab treatment.
Exclusion Criteria
Patients who underwent major surgical operations and those with pathological findings on their direct lung radiographs, infectious bronchitis and pneumonitis, occupational lung disease, smoking ha- ) were excluded from the study since PFT may be affected by those conditions. Patients with known chronic lung disease or heart disease, who received drugs that may affect PFT (e.g. non-steroidal anti-inflammatory drugs or angiotensin converting enzyme inhibitors), and those noncompliant with PFTs were also excluded from the study, as were patients who did not experience a three-month remission period.
Disease Activity
The disease activity in patients with UC was assessed by Truelove and Witts criteria (33), according to which the patients were grouped as mild, moderate or severe based on their feces frequency, presence of blood in their feces, fever, tachycardia, anemia, and increase in sedimentation level. The patients in the moderate and severe group were considered to be in the activation period, whereas the patients in the mild group were considered to be in the remission period.
The disease activity was assessed by CD activity index (CDAI) in patients with CD (34) . Using this index, the number of liquid or soft defecations within the last week, abdominal pain or cramping frequency, good health status, number of non-intestinal symptoms, drug use for diarrhea, presence of an abdominal mass, hematocrit values, and body weight/standard weight scores were calculated. The patients with scores >150 were considered to be in the activation period.
Pulmonary Function Tests
All participants were tested by standard PFT. Forced vital capacity (FVC), forced expiratory volume in the first second (FEV 1 ), FEV 1 /FVC, forced expiratory flow 25-75% (FEF 25-75% ), total lung capacity (TLC), residual volume (RV), RV/TLC, functional residual capacity (FRC), DLCO, and DLCO per liter alveolar volume (DLCO/VA) were measured. DLCO was measured using the single breath method, whereas PFT was measured by a spirometer (Vmax 22 Sensor Medics, Yorba Linda, CA, USA) in accordance with the criteria of the American Thoracic Society (35) .
Pulmonary function test changes in IBD were evaluated by comparing PFT values of the patients with those of the healthy control group. The relationship between the PFT changes and type/activity of IBD and ASA treatment was investigated.
Before inclusion, all the patients were informed and their written consents were obtained. The study protocol was approved by the Ethics Committee of the Medical Faculty of Inonu University.
Statistical Analysis
Statistical analyses were performed using SPSS (Statistical Package for the Social Sciences) 13.0. It was determined that the groups showed normal distribution in Kolmogorov-Smirnov test. The independent group Student-t test and one way analysis of variance were used. The values were presented as average ± standard deviation, and p<0.05 was accepted to be statistically significant.
RESULTS
Pulmonary function test was abnormal in at least one parameter within the activation periods in 17 of 30 UC patients (56.7%) and in 5 of 10 CD patients (50%). In the remission periods, PFT was abnormal in at least one parameter in 5 of 30 UC patients (16.7%) and in 2 of 10 CD patients (20% Forced vital capacity (FVC), FEV 1 , DLCO, and DLCO/VA distribution values were highest in the control group, lower in the remission group and lowest in the activation group. In contrast, for RV/TLC, the lowest values were found in the control group, higher values in the remission group and the highest values in the activation group.
DISCUSSION
The PFT abnormalities that occur in IBD emerge without any obvious symptom or pathological lung X-ray findings of a respiratory system disease. This result reveals the importance of PFT in detecting latent respiratory system diseases in IBD.
In the present study, PFT abnormalities were found in at least one parameter, at ratios of 55% in the activation period and 17.5% in the remission period of IBD. This finding suggests that although pulmonary function disorders increase in the activation period of IBD, they also continue in the remission period. Decreases in DLCO and DLCO/VA values were the most frequent PFT abnormalities in both the activation and remission periods of IBD. This finding reveals that alveolar gas exchange disorders develop frequently in IBD. PFT abnormalities were also assessed separately in UC PFT values were expressed as % of the normal values, predicted according to gender, age, height and weight of the patients, and indicated as average ± standard deviation. Table 4 . PFT values of the IBD patients in the remission and activation periods and CD patients and were found comparable in both the activation period and the remission period. No significant difference was found between the PFT values of the UC patients and the CD patients in either the activation period or remission period.
Many studies have investigated the impacts of IBD on the lungs using PFT. Douglas JG et al. (36) found several PFT abnormalities in 32% of the patients with IBD, and reported that there was a decrease in DLCO values in 16% of the patients. However, this study is criticized because most of the patients were smokers and smoking also results in PFT abnormalities without causing any apparent respiratory diseases. In our study, all participants were selected among non-smoker patients and thus any possible negative impacts of smoking on PFT results were eliminated, and this allowed us to interpret the results more accurately. Similar to our results, Kuzela L et al. (32) also found a decrease in DLCO values by 56.7% in UC patients and by 57.7% in CD patients and asserted that this may be an early predictor of interstitial lung diseases, of which clinical and radiological findings have not yet emerged.
A lower decrease (17%) in DLCO values of the patients with UC was reported by Tzanakis et al. (37) , and it was shown that the severity and frequency of PFT changes increase within the activation period. Similar results were also found in pediatric patients with CD (15) . In another study, latent lung involvement with PFT abnormalities in 53% of the UC patients reached 81% in the activation period of the disease (38) . A strong correlation between the decrease in DLCO -DLCO/VA values and histopathological status of UC has led to the assertion that the decrease in DLCO may be one of the noninvasive predictors for the activation of UC.
Herrlinger KR et al. (39) also found that respiratory disorders were frequent in IBD in both the active and remission periods, with a decreasing severity in parallel to the degree of improvement in the disease activity. Although our study design resembles the study of Herrlinger KR et al., they compared PFT values of different patients with activation and remission periods of IBD. In our study, the values in the activation and remission periods of the same patients were compared. In this way, the individual factors that may affect the PFT values were avoided. Furthermore, in the study of Herrlinger KR et al., only FEV 1 , FVC, FEV 1 /FVC, and DLCO were assessed. However, in our study, FEF 25-75% , RV, TLC, RV/TLC, FRC, and DLCO/VA parameters were assessed in addition to those parameters. In line with our findings, no difference was found between the PFT values of UC and CD patients, and 5-ASA treatment did not affect the PFT values. There are a few cases in the literature presenting pneumonia associated with mesalamine treatment (25, 27) . Our study, however, suggests that the lung toxicity associated with ASA use is a very rare complication, as reported in the other studies (39, 40) .
Today, the impact of IBD activity on PFT remains controversial. Whereas in some previous studies, it was indicated that the disease activity did not affect PFT (41, 42) , in recent studies, significant decreases especially in DLCO values in the activation period of the disease were observed (1, 15) . Though our study supports the previous studies, which claim that the decrease in DLCO is one of the indicators of IBD activation, it reveals that the disease activity results in significant decreases also in the FVC, FEV 1 , RV/TLC, and DLCO/VA values. The decrease in FEV 1 and FVC values without FEV 1 /FVC change in the activation period of IBD suggests subclinical restrictive pattern development, and the increase in RV/TLC values without a significant change in TLC suggests occurrence of the diseases such as emphysema, which decrease the lung elasticity. Significantly low DLCO and DLCO/VA values found in the activation and remission periods of IBD patients in comparison with the values of the control group suggest that alveolocapillary membrane function and alveolar gas exchange are impaired in these patients. These impairments, which are more severe and more frequent in the activation period, continue in the remission period.
It may be wondered whether the abnormalities in PFT values of the patients in the activation period of IBD are an extraintestinal finding of the disease or a misleading condition, resulting from poor health condition and weakness of the patients. Therefore, patients who were considered unsuitable for our study were excluded, and this issue was avoided. The low PFT values of the patients, even under better health conditions in the remission period, support the opinion that the lungs are one of the target organs in IBD.
The pathogenesis of PFT abnormalities observed in IBD is still unclear. It is believed that the morphological and developmental similarities between colonic and bronchial tissues may have a role in the development of PFT abnormalities. The origin of both tissues is primitive intestine, and both tissues include columnar epithelium, goblet cells and submucosal mucus glands (43) . On the other hand, the cytokines such as interleukin (IL)-1, IL-2, IL-6, and tumor necrosis factor (TNF)-α, released from the activated inflammatory cells, may also cause systemic findings. It is known that the cytokines result in a kind of interstitial pneumonia in the lungs. It is also known that the lung inflammation in IBD causes subclinical alveolitis and/or interstitial lung disease (44, 45) . Consequently, it is believed that microcirculation in the lungs and alveolocapillary membrane functions are affected by this pathological process, and alveolar gas exchange is impaired.
In this study, we found that PFT abnormalities may develop in IBD without presence of any obvious respiratory symptoms or lung X-ray findings. PFT abnormalities increase in the activation period of IBD, and FVC, FEV 1 , RV/TLC, DLCO, and DLCO/VA values of the patients are significantly different in the activation and remission periods. These findings are important for using PFT as one of the noninvasive diagnostic procedures in determining IBD activation and in the early diagnosis of possible respiratory system diseases.
